w 



10>5290i»7 
JC17Bec'dPCT/PT0 24 MAR 2005 



LUBRICANT COMPOSITION, SPEED REDUCTION 
GEAR USING THE SAME, AND ELECTRIC POWER 
STEERING APPARATUS USING THE SAME 

5 Prior Art 

The present invention relates to a lubricant 
composition that can be suitably used for a speed 
reduction gear having a small gear such as a worm 
and a large gear such as a worm wheel, a speed 
10 reduction gear filled with the lubricant 

composition, and an electric power steering 
apparatus comprising the speed reduction gear. 

Background Art 

15 Speed reduction gears are used for electric 

power steering apparatuses for automobiles. In 
a column type EPS (Electric Power Steering 
System) , for example, rotation of an electric 
motor is transmitted from a small gear such as a 

20 worm to a large gear such as a worm wheel in a speed 
reduction gear to reduce its speed as well as to 
amplify its output, and is then provided to a 
column, thereby t o r qu e - a s s i s t i n g a steering 
ope rati on . 

25 Suitable backlash is required to engage the 



small and large gears which serve as a speed 
reduction mechanism. At the time of 
forward/backward rotation of the gears and in a 
case where an automobile travels on a punishing 
5 road such as a stone pavement so that a reaction 
force from a tire is inputted, for example, 
however, a teeth striking sound may, in some cases, 
be produced due to the backlash. When the teeth 
striking sound is transmitted as noise to the 

10 inside of the automobile, an uncomfortable feeling 
is given to a driver. 

Therefore, so-called by-layer assembly for 
selecting a combination of the gears such that 
suitable backlash is obtained to assemble a speed 

15 reduction gear has been conventionally carried 
out. In such a method, however, the productivity 
is significantly low. Another problem is that even 
if the by-layer assembly is carried out, there 
occurs nonuni f ormi t y of a steering torque due to 

20 offcenter of a shaft of a worm wheel. 

The same problems exist in not only speed 
reduction gear in electric power steering 
apparatus but also general speed reduction gear 
having the small and large gears. 

25 In a speed reduction gear in an electric power 



steering apparatus, for example, therefore, it has 
been proposed that backlash is eliminated by 
providing urging means such as a spring member for 
making it possible for a worm shaft to be eccentric 
5 toward a worm wheel as well as urging the worm shaft 
in the direction of eccentricity (see Japanese 
Unexamined Patent Publication No. 2000-43739, for 
ex amp 1 e ) . 

However, the configuration of the 
10 above-mentioned speed reduction gear becomes 
significantly complicated, resulting in. raised 
manufacturing cost. 

Disclosure of Invention 

15 An object of the present invention is to 

provide a lubricant composition capable of making 
noise produced in a speed reduction gear lower than 
ever before irrespective of the dimension of 
backlash in a case where the small and large gears 

20 are combined with each other and without 

complicating the configuration of the speed 
reduction gear, a speed reduction gear which 
hardly produces noise by using the lubricant 
composition, and an electric power steering 

25 apparatus using the speed reduction gear. 



A lubricant composition according to the 
present invention is characterized by comprising 
a lubricant/ and buffer particles having an 
average particle diameter Di of 50 ym < Di ^ 300 
5 lam . 

According to the present invention, the 
buffer particles dispersed in the lubricant 
composition are interposed in an engaged portion 
of the small and large gears to buffer the 

10 lubricant composition from a collision between 
both their gear teeth surfaces to reduce a teeth 
striking sound, thereby making it possible to 
reduce noise produced in the speed reduction gear. 
Moreover, the noise can be reduced at low cost 

15 without complicating the configuration of the 
speed reduction gear only by merely adding the 
buffer particles to the lubricant. 

It is preferable that the buffer particles are 
spherical particles. 

20 An advantage of a case where the spherical 

buffer particles are used, the fluidity of the 
lubricant composition is improved, t h e r eb y ma k i ng 
it possible to prevent a steering torque produced 
by the electric power steering apparatus from 

25 being excessively raised. 
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It is preferable that the buffer particles are 
formed of a buffering material whose Young's 
modulus is 0.1 to 10^ MPa . 

An advantage of a case where the buffer 
5 particles formed of the buffering material whose 
Young's modulus is within the above-mentioned 
range are used, the effect of reducing a teeth 
striking sound is further improved, and the rise 
in a steering torque and the production of a 
10 sliding sound can be reliably prevented. 

It is preferable that the buffer particles are 
formed of a cured material of curable urethane 
resin* 

The buffer particles composed of the cured 
15 material of curable urethane resin can arbitrarily 
set characteristics such as the Young's modulus 
by adjusting the degree of hardness of the urethane 
resin . 

It is preferable that the mixing ratio of the 
20 buffer particles is 20 to 300 parts by weight per 
100 parts by weight of the lubricant. 

An advantage of a case where the mixing ratio 
of the buffer particles is within the 
above-mentioned range, the effect of reducing a 
25 teeth striking sound is further improved, and the 
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rise in a steering torque and the production of 
a sliding sound can be reliably prevented. 

The lubricant may be semisolid grease, or may 
be liquid lubricating oil. 
5 When the lubricant is the grease, it is 

preferable in using the lubricant composition for 
the speed reduction gear that the consistency of 
the lubricant composition having the buffer 
particles added thereto is No. 2 to No. 000 in terms 
10 of an NLGI (National Lubricating Grease Institute) 
numb e r . 

When the lubricant is the liquid lubricating 
oil, it is similarly preferable in using the 
lubricant composition for the speed reduction gear 

15 that the kinetic viscosity thereof is 5 to 200 
mmV s (40^0 . 

A speed reduction gear according to the 
present invention is characterized by comprising 
a small gear and a large gear, and in that an area 

20 including an engaged portion of both the gears is 
filled with the above-mentioned lubricant 
composition, and is preferable in that noise such 
as a teeth striking sound caused by backlash can 
be reduced . 

25 Furthermore, an electric power steering 



apparatus according to the present invention is 
characterized in that an output of a motor for 
steering assist is transmitted to a steering 
mechanism by reducing its speed through the 
5 above-mentioned speed reduction gear, and is 
preferable in that noise produced in an automobile 
can be reduced at low cost. 



Brief Description of Drawings 

10 Fig. 1 is a schematic sectional view showing 

an electric power steering apparatus according to 
an embodiment of the present invention. 

Fig. 2 is a c r o s s - s e c t i o n a 1 view taken along 
a line II - II shown in Fig. 1- 

15 Fig. 3A is a graph showing results obtained 

in measuring the relationship between a steering 
angle and a torque in examples of the present 
invention, and Fig. 3B is a graph showing the 
vicinity of a starting point of Fig. 3A in enlarged 

20 fashion . 

Fig. 4 is a graph showing results obtained in 
measuring the relationship between the average 
particle diameter of buffer particles and a teeth 
striking sound produced by a speed reduction gear 
25 in an electric power steering apparatus in 

1 
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examples of the present invention. 

Fig. 5 is a graph showing results obtained in 
measuring the relationship between the average 
particle diameter of buffer particles and a 
5 sliding sound produced by a speed reduction gear 
in an electric power steering apparatus in 
examples of the present invention. 

Fig. 6 is a graph showing results obtained in 
measuring the relationship between the Young's 
10 modulus of a buffering material forming buffer 
particles and a teeth striking sound produced by 
a speed reduction gear in an electric power 
steering apparatus in examples of the present 
invention . 

15 Fig. 7 is a graph showing results obtained in 

measuring the relationship between the Young's 
modulus of a buffering material forming buffer 
particles and a sliding sound produced by a speed 
reduction gear in an electric power steering 

20 apparatus in examples of the present invention. 

Fig. 8 is a graph showing results obtained in 
measuring the relationship between the mixing 
amount of buffer particles and a teeth striking 
sound produced by a speed reduction gear in an 

25 electric power steering apparatus in examples of 
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the present invention. 

Best Mode for Carrying out the Invention 

The present invention will be described in 
5 detail below . 

<Lubricant Compo s i t ion> 

A lubricant composition according to the 
present invention comprises a lubricant andbuffer 
particles, as described above. 

10 The average particle diameter Di of the buffer 

particles must satisfy 50 um < Di ^ 3 00 \im . 

When the average particle diameter Di of the 
buffer particles is less than 50 ijm, the effect 
of absorbing shock in engagement between a small 

15 gear and a large gear to reduce a teeth striking 
sound has a limitation, so that noise produced in 
a speed reduction gear cannot be significantly 
reduced. When the average particle diameter Di 
exceeds 300 pm, a steering torque produced by an 

20 electric power steering apparatus rises, and a 
sliding sound is produced so that the noise 
produced in the speed reduction gear is rather 
increased • 

It is preferable that the average particle 
25 diameter of the buffer particles is particularly 
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not less than 100 \xm in the above-mentioned range, 
considering that the effect of reducing the teeth 
striking sound is further improved. Further, it 
is preferable that the average particle diameter 
5 of the buffer particles is particularly not more 
than 200 ijm in the above-mentioned range, 
considering that the rise in the steering torque 
and the production of the sliding sound are more 
reliably prevented. 

10 Various types of shapes such as a spherical 

shape, a granular shape, a flake shape, and a stick 
shape can be selected as the shape of the buffer 
particles. However, the spherical shape or the 
granular shape is preferable, and the spherical 

15 shape is p a r t i cu 1 a r 1 y p r e f e r ab 1 e , considering the 
fluidity or the like of the lubricant composition. 
It is preferable that Young's modulus of the 
one used as the buffering material forming the 
buffer particles is in a range of 0.1 to 10^ MPa. 

20 A buffering material whose Young' s modulus is 

less than 0.1 MPa is too soft. Therefore, the 
effect of reducing the noise produced in the speed 
reduction gear by absorbing shock with the 
buffering material interposed in the engaged 

25 portion of the gears to reduce the teeth striking 
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sound may not be sufficiently obtained. When the 
Young's modulus of the buffering material exceeds 
10^ MPa, the steering torque produced by the 
electric power steering apparatus rises, and the 
5 sliding sound is produced so that the noise 

produced in the speed reduction gear may be rather 
increased. 

It is preferable that the Young's modulus of 
the buffering material forming the buffer 

10 particles is particularly not less than 0.5 MPa 
in the above-mentioned range, considering that the 
effect of reducing the teeth striking sound is 
further improved. Further, it is preferable that 
the Young's modulus of the buffering material is 

15 particularly not more than 10^ MPa in the 

above-mentioned range, considering that the rise 
in the steering torque and the production of the 
sliding sound are more reliably prevented. 

The other characteristics of the buffer 

20 particles are not particularly limited. However, 
it is preferable that the tensile strength of the 
buffering material forming the buffer particles 
is 1 to 50 MPa. 

It is preferable that the hardness of the 

3 

25 buffering material forming the buffer particles 
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is not less than 10 in terms of Shore D hardness, 

and is not more than 110 in terms of Rockwell 

hardness (R scale) . 

Usable as such buffer particles are any of 
5 various ones, composed of rubber or soft resin, 

having rubber elasticity. 

Examples of the soft resin include polyolefin 

resin, polyamide resin, polyester resin, 

polyacetal resin, po 1 ypheny 1 ene oxide resin, 
10 polyimide resin, fluororesin, and thermoplastic 

or curable ( c r o s s 1 i n k i n g ) urethane resin. 

Further, it is also possible to use thermoplastic 

elastomers having oil resistance such as 

thermoplastic elastomer olefin, thermoplastic 
15 elastomer urethane, thermoplastic elastomer 

polyester, thermoplastic elastomer polyamide and 

thermoplastic elastomer fluorine. 

Examples of the rubber include 

ethylene-propylene copolymer (EPM) , 
20 e t hy 1 e n e - p r op y 1 en e - di e n e copolymer (EPDM), 

silicone rubber, and urethane rubber (U) . 

However, it is preferable that spherical 

buffer particles formed of a cured material of 

curable urethane resin are used, considering heat 
25 resistance, durability, and so on. 
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Furthermore, the buffer particles formed of 
the cured material of curable urethane resin also 
have the advantage that the Young's modulus, the 
tensile strength, and the hardness can be 
5 arbitrarily set by adjusting the degree of 
hardness (the degree of c r o s s 1 i n k i n g ) of the 
urethane resin. 

It is preferable that the mixing ratio of the 
buffer particles is 20 to 300 parts by weight per 

10 100 parts by weight of the lubricant. 

In a case where the mixing ratio of the buffer 
particles is less than 20 parts by weight, the 
effect of reducing the noise produced in the speed 
reduction gear by absorbing shock with the buffer 

15 particles interposed in the engaged portion of the 
gears to reduce the teeth striking sound may be 
insufficient. When the mixing ratio of the buffer 
particles exceeds 300 parts by weight, the 
steering torque produced by the electric power 

20 steering apparatus rises, and the sliding sound 
is produced so that the noise produced in the speed 
reduction gear may be rather increased. 

It is preferable that the mixing ratio of the 
buffer particles is particularly not less than 25 

25 parts by weight in the above-mentioned range per 
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100 parts by weight of the lubricant, considering 
that the effect of reducing the teeth striking 
sound is further improved. It is preferable that 
the mixing ratio of the buffer particles is 
5 particularly not more than 100 parts by weight in 
the above-mentioned range, considering that the 
rise in the steering torque and the production of 
the sliding sound are more reliably prevented. 

As the lubricant for dispersing the buffer 

10 particles, either liquid lubricating oil or 
semisolid grease may be used. 

Preferably used as the lubricating oil is one 
whose kinetic viscosity is 5 to 200 mm^/s {40'C) 
and is particularly 20 to 100 mm^/s ( 4 0 C ) . 

15 Although synthetic hydrocarbon oil (e.g., 

po 1 y ( a- o 1 e f i n ) oil) is preferable as the 
lubricating oil, synthetic oil such as silicone 
oil, fluorine oil, ester oil, and ether oil, and 
mineral oil can be also used. The lubricating oils 

20 can be used alone or may be used in combination. 
A solid lubricant (molybdenum disulfide, 
graphite, PTFE ( p o 1 y ( t e t r a f 1 uo r o e t h y 1 e n e ) ) , 
etc.), a phosphorous- or sulfur-based 
extreme-pressure additive, an antioxidant such as 

25 tr ibutylphenol or me thy Ipheno 1 , a rust 
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preventive, a metal deactivator, a viscosity index 
improver, an oiliness improver, etc. may be added, 
as required, to the lubricating oil. 

On the other hand, preferably used as the 
5 grease is one whose consistency is No. 2 to No, 
000 and i s ' p a r t i c u 1 a r 1 y No. 2 to No. 00 in terms 
of the above-mentioned NLGI number as the 
lubricant composition to which the buffer 
particles are added. 

10 The grease is formed by adding a thickening 

agent to lubricating base oil, as in the 
conventional example. 

Although synthetic hydrocarbon oil (e.g., 
po 1 y ( a- o 1 e f i n ) oil) is preferable as the 

15 lubricating base oil, synthetic oil such as 

silicone oil, fluorine oil, ester oil, and ether 
oil, and mineral oil can be also used. It is 
preferable that the kinetic viscosity of the 
lubricating base oil is 5 to 2 00 mm V s (40 °C ) and 

20 is particularly 20 to 100 mm^/s (40 ""C ) • 

As the thickening agent, various types of 
thickening agents (soap- or no n - s o ap -b a s e d 
thickening agents) conventionally known can be 
used. 

25 Furthermore, a solid lubricant (molybdenum 
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disulfide, graphite, PTFE, etc.), a phosphrous- 
or sulfur-based e x t r erne - p r e s s u r e additive, an 
antioxidant such as t r i b u t y 1 p h e n o 1 or 
me thy Iphenol , a rust preventive, a metal 
5 deactivator, a viscosity index improver, an 

oiliness improver, etc. may be further added, as 
required, to the grease. 

<Speed Reduction Gear and Electric Power Steering 
Appa r a t u s > 

10 Fig. 1 is a schematic sectional view of an 

electric power steering apparatus according to an 
embodiment of the present invention. Fig. 2 is 
a c r o s s - s e c t i o n a 1 view taken along a line II-II 
shown in Fi g . 1 . 

15 Referring to Fig. 1, in the electric power 

steering apparatus in this example, a first 
steering shaft 2 serving as an input shaft to which 
a steering wheel 1 is attached and a second 
steering shaft 3 serving as an output shaft 

20 connected to a steering mechanism (not shown) such 
as a rack-and-pinion mechanism are coaxially 
connected to each other through a torsion bar 4. 

A housing 5 for supporting the first and 
second steering shafts 2 and 3 is composed of an 

25 aluminum alloy, for example, and is attached to 
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an automobile body (not shown) . The housing 5 
comprises a sensor housing 6 and a gear housing 
7 which are fitted to each other. Specifically/ 
the gear housing 7 has a cylindrical shape, and 
5 an annular edge 7a at its upper end is fitted in 
an annular step 6a in the outer periphery at a lower 
end of the sensor housing 6. The gear housing 7 
accommodates a worm gear mechanism 8 serving as 
a speed reduction mechanism, and the sensor 

10 housing 6 accommodates a torque sensor 9, a control 
board 10, and so on. A speed reduction gear 50 
is configured by accommodating the worm gear 
mechanism 8 in the gear housing 7. 

The worm gear mechanism 8 comprises a worm 

15 wheel 12 which is rotatable integrally with an 
intermediate portion in the axial direction of the 
second steering shaft 3 and whose movement in the 
axial direction is regulated, and a worm shaft 11 
(see Fig. 2) which is engaged with the worm wheel 

20 12 and is connected to a rotating shaft 32 in an 
electric motor M through a spline joint 33. 

The worm wheel 12 comprises an annular core 
metal 12a coupled to the second steering shaft 3 
so as to be integrally rotatable, and a synthetic 

25 resin member 12b surrounding the core metal 12a 
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and having teeth formed on its outer peripheral 
surface. The core metal 12a is inserted into a 
metal mold at the time of resin molding of the 
synthetic resin member 12b, for example. The core 
5 metal 12a and the synthetic resin member 12b are 
coupled to and integrated with each other by resin 
molding in a state where the core metal 12a is 
inserted into the metal mold. 

The second steering shaft 3 is supported so 

10 as to be rotatable by first and second rolling 
bearings 13 and 14 arranged with the worm wheel 
12 interposed on the upper and lower sides in the 
axial direction therebetween. 

An outer ring 15 in the first rolling bearing 

15 13 is fitted in a bearing holding hole 16 provided 
inside a cylindrical projection 6b at a lower end 
of the sensor housing 6 and is held therein. An 
upper end surface of the outer ring 15 is abutted 
against an annular step 17 so that the upward 

20 movement in the axial direction of the outer ring 
15 relative to the sensor housing 6 is regulated. 

On the other hand, an inner ring 18 in the 
first rolling bearing 13 is fitted in the second 
steering shaft 3 by way of interference fit. A 

25 lower end surface of the inner ring 18 is abutted 
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against an upper end surface of the core metal 12a 
in the worm wheel 12. 

An outer ring 19 in the second rolling bearing 
14 is fitted in a bearing holding hole 20 in the 
5 gear housing 7 and is held therein. A lower end 
surface of the outer ring 19 is abutted against 
an annular step 21 so that the downward movement 
in the axial direction of the outer ring 19 
relative to the gear housing 7 is regulated. 

10 On the other hand, an inner ring 22 in the 

second rolling bearing 14 is attached to the second 
steering shaft 3 so as to be integrally rotatable 
and with the relative movement in the axial 
direction regulated. The inner ring 22 is 

15 interposed between a step 2 3 in the second steering 
shaft 3 and a nut 24 tightened into a screw of the 
second steering shaft 3. 

The torsion bar 4 penetrates the first and 
second steering shafts 2 and 3. An upper end 4a 

20 of the torsion bar 4 is connected to the first 
steering shaft 2 so as to be integrally rotatable 
by a connecting pin 25, and a lower end 4b of the 
torsion bar 4 is connected to the second steering 
shaft 3 so as to be integrally rotatable by a 

25 connecting pin 26. A lower end of the second 
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Steering shaft 3 is connected to a steering 
mechanism such as a r ack-and-pinion mechanism, as 
described above, through an intermediate shaft 
(not shown ) . 

5 The connecting pin 25 connects the first 

steering shaft 2 with a third steering shaft 27 
arranged coaxially with the first steering shaft 
2 so as to be integrally rotatable. The third 
steering shaft 27 penetrates a tube 28 composing 

10 a steering column. 

An upper part of the first steering shaft 2 
is supported on the sensor housing 6 through a 
third rolling bearing 29 composed of a needle 
roller bearing, for example, so as to be rotatable. 

15 A reduced diameter portion 30 in a lower part of 
the first steering shaft 2 and a hole 31 in an upper 
part of the second steering shaft 3 are fitted to 
each other with predetermined play provided 
therebetween in the direction of rotation such 

20 that the relative rotation between the first and 
second steering shafts 2 and 3 is regulated in a 
predetermined range. 

Referring to Fig. 2, the worm shaft 11 is 
supported so as to be rotatable by fourth and fifth 

25 rolling bearings 34 and 35 held by the gear housing 
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7 . 

Inner rings 36 and 37 in the fourth and fifth 
rolling bearings 34 and 35 are fitted in 
corresponding constricted portions of the worm 
5 shaft 11. Further, outer rings 38 and 39 are 
respectively held in bearing holding holes 40 and 
41 in the gear housing 7. 

The gear housing 7 includes a portion 7b' 
opposed to a part of a peripheral surface of the 
10 worm shaft 11 in the radial direction. 

The outer ring 38 in the fourth rolling 
bearing 34 for supporting one end 11a of the worm 
shaft 11 is abutted against a step 42 in the gear 
housing 7 and is positioned therein. On the other 
15 hand, the inner ring 36 is abutted against a 

positioning step 43 in the worm shaft 11, thereby 
regulating the movement thereof toward the other 
end lib. 

The inner ring 37 in the fifth rolling bearing 
20 35 for supporting the vicinity of the other end 
lib of the worm shaft 11 (an end on the side of 
a joint) is abutted against a positioning step 44 
in the worm shaft 11, thereby regulating the 
movement thereof toward the one end 11a. Further, 
25 the outer ring 39 is urged toward the fourth 
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rolling bearing 34 by a screw member 45 for 
pre-load adjustment. The screw member 45 is 
screwed into a screw hole 46 formed in the gear 
housing 7, thereby applying a pre-load to the pair 
5 of rolling bearings 34 and 35 as well as 
positioning the worm shaft 11 in the axial 
direction. Reference numeral 47 denotes a lock 
nut which is engaged with the screw member 45 in 
order to fasten the screw member 45 after pre-load 

10 ad j us tment . 

In the gear housing 7, an area including at 
least an engaged portion A of the worm shaft 11 
and the worm wheel 12 is filled with the lubricant 
composition having the buffer particles dispersed 

15 therein, previously described. That is, with the 
lubricant composition, only the engaged portion 
A may be filled, the engaged portion A and the whole 
of a peripheral edge of the worm shaft 11 may be 
filled, or the whole of the gear housing 7 may be 

20 filled. 

The present invention is not limited to the 
above-mentioned embodiment . Various 
modifications can be made within the range of items 
described in the claims of the present invention. 
25 For example, the configuration of the speed 
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reduction gear according to the present invention 
is applicable to speed reduction gears for 
apparatuses other than the electric power steering 
apparatus . 

5 

Ex amp 1 e s 

The present invention will be described in 
more detail on the basis of examples. 
Example 1 

10 200 parts by weight of spherical or granular 

buffer particles having an average particle 
diameter of 120 ijm composed of a thermoplastic 
elastomer urethane was added to 100 parts by weight 
of grease obtained by adding a soap-based 

15 thickening agent to poly(a-olefin) oil, followed 
by uniform mixing, thereby preparing grease 
serving as a lubricant composition whose 
consistency is No. 00 in terms of an NLGI number. 
Comparative Example 1 

20 Grease having no buffer particles mixed 

therewith was used as it is. 

The speed reduction gear in the electric power 
steering apparatus shown in Figs. 1 and 2 was 
filled with each of the greases in the example 1 

25 and the comparative example 1, to measure a teeth 
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striking sound. In a worm gear mechanism, a worm 
made of an iron-based metal and a worm wheel made 
of polyamide resin were combined with each other. 
Backlash was set to 1' and 4'. The results are 
5 shown in Table 1. 



Table 1 





noise level 
( d B) 


backlash 


1 ' 


4 ' 


E X amp lei 


3 7 


4 0 


c oitip a r a t i V e 
e X amp lei 


4 9 


5 5 



10 From Table 1, it has been confirmed that the 

grease in the example 1 has the effect of more 
significantly reducing a teeth striking sound, 
which is 12 dB in a case where backlash is 1' and 
is 15 dB in a case where backlash is 4' , as compared 

15 with the grease in the comparative example 1. 

The speed reduction gear in the same electric 
power steering apparatus as the above-mentioned 
one was filled with each of the greases in the 
example 1 and the comparative example 1, to measure 

20 the relationship between a steering angle and a 
torque. Backlash was set to 4'. The results are 
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shown in Fig. 3A. Further, the vicinity of a 
starting point, having a steering angle of 0 and 
having no torque, in Fig. 3A is illustrated in 
enlarged fashion in Fig. 3B. In the drawings, a 
5 solid line indicates the results in the example 
1, and a broken line indicates the results in the 
comparative example 1. 

From the drawings, in the comparative example 
1, there is an idle running area where the increase 

10 in the torque corresponding to the increase in the 
steering angle cannot be seen in the vicinity of 
the starting point. Therefore, it has been found 
that backlash exists. 

On the other hand, in the example 1, the torque 

15 increases in correspondence with the increase in 
the steering angle from the starting point, which 
means that there is no idle running area. The 
reason for this is that the buffer particles are 
interposed between gear teeth of the worm and the 

20 worm wheel. Therefore, it has been found that this 
state substantially corresponds to a state where 
there is no backlash between the gear teeth. From 
this cause, it has been confirmed that noise can 
be significantly reduced by reducing the teeth 

25 striking sound, as described above. 
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Examination of Particle Diameter of Buffer 
Particles 

Spherical particles composed of a cured 
material of curable urethane resin (Young's 
5 modulus: lOMPa) were used as the buffer particles. 
The average particle diameter thereof was changed 
in a range of 10 to 400 ijm. 

40 parts by weight of the above-mentioned 
buffer particles were then added to 100 parts by 

10 weight of grease obtained by adding a soap-based 
thickening agent to po 1 y ( a-o 1 e f in ) oil, followed 
by uniform mixing, thereby preparing grease 
serving as a lubricant composition whose 
consistency is No. 00 in terms of an NLGI number. 

15 Further, the average particle diameter of the 
grease having no buffer particles mixed therewith 
was defined to 0 lam . 

The speed reduction gear in the electric power 
steering apparatus shown in Figs. 1 and 2 was 

20 filled with the grease, to measure a teeth striking 
sound (dB) and a sliding sound (dB) . In the worm 
gear mechanism, the worm made of an iron-based 
metal and the worm wheel made of polyamide resin 
were combined with each other. 

25 (Teeth Striking Sound) 
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In measuring the teeth striking sound, 
backlash (B/L) was set to 2', 3.5', and 5'. 

Letting 55 dB be a threshold value, the effect 
of reducing the teeth striking sound was estimated 
5 to be good in a case where the measured teeth 
striking sound was not more than the threshold 
value, while being estimated to be bad in a case 
where the measured teeth striking sound exceeded 
the threshold value. The results are shown in Fig. 

10 4. A transverse line (a thick line) in the drawing 
indicates the threshold value. Further, a line 
— □— , a line —A—, and a line — respectively 
indicate the results of the measurements in cases 
where the backlash is set to 2', 3.5', and 5'. 

15 From Fig. 4, the good effects of reducing the 

teeth striking sound were respectively obtained 
in cases where the average particle diameter of 
the buffer particles was not less than 50 ijm under 
the conditions of the backlash 2', was 80 \im or 

20 more under the conditions of the backlash 3.5', 
and was not less than 100 urn under the conditions 
of the backlash 5' . 

This has confirmed that the average particle 
diameter of the buffer particles must exceed 50 

25 ]im and particularly, is preferably not less than 
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10 0 ]im . 

( S 1 iding Sound ) 

In measuring the sliding sound, backlash was 
set to 2 ' . 

5 Letting 55dB be a threshold value, the sliding 

sound was estimated to be absent (good) in a case 
where the measured sliding sound was not more than 
the threshold value, while being estimated to be 
present (bad) in a case where the measured sliding 
10 sound exceeded the threshold value. The results 
are shown in Fig. 5. A transverse line (a thick 
line) in the drawing indicates the threshold 
value . 

From Fig. 5, it has been found that the sliding 
15 sound can be prevented from being produced when 
the average particle diameter of the buffer 
particles was not more than 300 ijm . 

This has confirmed that the average particle 
diameter of the buffer particles must be not more 
20 than 300 pm . 

Examination of Young' s Modulus of Buffer Particles 

Spherical particles having an average 
particle diameter of 150 \im composed of a cured 
material of curable urethane resin were used as 
25 the buffer particles. The Young's modulus of the 



2 9 

cured material was changed in a range of 0.01 to 
10^ MPa. 

40 parts by weight of the above-mentioned 
buffer particles were then added to 100 parts by 
5 weight of grease obtained by adding a soap-based 
thickening agent to p o 1 y ( a - o 1 e f i n ) oil, followed 
by uniform mixing, thereby preparing grease 
serving as a lubricant composition whose 
consistency is No. 00 in terms of an NLGI number. 

10 The speed reduction gear in the same electric 

power steering apparatus as the above-mentioned 
was filled with the grease, to measure a teeth 
striking sound (dB) and a sliding sound ( dB ) . Both 
the measurements were made by setting backlash to 

15 2' . Further, a threshold value to be a basis for 
the estimation was the same as the 
above-mentioned. 

The results of the measurement of the teeth 
striking sound are shown in Fig. 6, and the results 

20 of the measurement of the sliding sound are shown 
in Fig. 7. A transverse line (a thick line) in 
the drawings indicates the threshold value. 

From Fig. 6, the good effect of reducing the 
teeth striking sound was obtained when the Young's 

25 modulus of the cured material of curable urethane 
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resin serving as the buffering material forming 
the buffer particles was not less than 0.1 MPa. 

This has confirmed that the Young's modulus 
of the buffering material forming the buffer 
5 particles is preferably not less than 0.1 MPa. 

From Fig. 7, it has been found that the sliding 
sound can be prevented from being produced when 
the Young's modulus of the cured material of 
curable urethane resin serving as the buffering 

10 material forming the buffer particles is not more 
than 10^ MPa. 

This has confirmed that the Young's modulus 
of the buffering material forming the buffer 
particles is preferably not more than 10^ MPa. 

15 Examination of Mixing Ratio of Buffer Particles 
Spherical particles having an average 
particle diameter of 150 pm composed of a cured 
material of curable urethane resin (Young's 
modulus: lOMPa) we r e u s ed a s t h e bu f f e r p a r t i c 1 e s . 

20 The above-mentioned buffer particles were 

then added by changing the mixing ratio thereof 
in a range of 0 to 50 parts by weight per 100 parts 
by weight of grease obtained by adding a soap-based 
thickening agent to p o 1 y { a- o 1 e f i n ) oil, followed 

25 by uniform mixing, thereby preparing grease 
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serving as a lubricant composition whose 
consistency is No. 00 in terms of an NLGI number. 

The speed reduction gear in the same electric 
power steering apparatus as the above-mentioned 
5 was filled with the grease, to measure a teeth 
striking sound (dB) . The measurement was made by 
setting backlash to 2' . Further, a threshold value 
to be a basis for the estimation was the 
above-mentioned. 

10 The results of the measurement are shown in 

Fig. 8. A transverse line (a thick line) in the 
drawing indicates the threshold value. 

From Fig. 8, the good effect of reducing the 
teeth striking sound was obtained when the mixing 

15 amount of the buffer particles was not less than 
20 parts by weight per 100 parts by weight of the 
grease . 

This has confirmed that the mixing amount of 
the buffer particles is not less than 20 parts by 
20 we i gh t . 



